An 80 year old lady with a history of metastatic sigmoid carcinoma presented with expressive dysphasia and unsteady gait 4 days after commencement of adjuvant capecitabine chemotherapy. MRI demonstrated restricted diffusion and T2/FLAIR hyperintensity involving the course of the bilateral corticospinal tracts, the corpus callosum and the middle cerebellar peduncles. Discontinuation of chemotherapy lead to symptom resolution in 2 days; repeat MRI at 2 months demonstrated reversal of the diffusion changes and improvement of the previous T2W/FLAIR hyperintensity. This report describes the first case of capecitabine induced leukoencephalopathy causing restricted diffusion along the corticospinal tracts, which should be differentiated from other entities that involve the corticospinal tracts (i.e. amyotrophic lateral sclerosis (ALS), primary lateral sclerosis (PLS), hypoglycemic coma, etc.)
CASE REPORT
An 80 year old lady presented with a 3 day duration of transient expressive dysphasia, non-vertiginous giddiness, and unsteady tandem gait. Her past medical history was significant for carcinoma of the sigmoid colon with bladder and pulmonary metastases, for which she underwent anterior resection of the rectum as well as resection of the bladder tumor. Adjuvant capecitabine chemotherapy at a dose of 1000mg twice daily was commenced 4 days prior to presentation. CT brain performed upon presentation was unremarkable except for a small chronic lacunar infarct in the right lentiform nucleus (Fig. 2) . MRI performed 2 days later demonstrated symmetric areas of diffusion restriction and mild T2/FLAIR hyperintensity in the bilateral corticospinal tracts, the splenium of the corpus callosum, and in the middle cerebellar peduncles (Fig 1 and 2) . No signal changes on other performed sequences (i.e. T1, T1 post contrast) were seen. Although there was no known association of capecitabine leukoencephalopathy with corticospinal tract involvement in the documented literature, this provisional diagnosis was made in account of the close temporal relationship between commencement of chemotherapy and the patient's symptoms. Capecitabine chemotherapy was thus discontinued. The patient's neurological symptoms subsequently resolved 2 days later, and a repeat MRI performed 2 months after admission demonstrated complete resolution of diffusion changes, and improvement of the previous T2W/FLAIR hyperintensity (Fig.  3) . The patient subsequently declined alternative adjuvant chemotherapeutic agents and opted for best supportive medical care in her treatment plan. The patient was still alive 11 months after the episode of Capecitabine-induced leukoencephalopathy, although she had underwent resection of a metachronous recurrence of the rectal carcinoma 9 months after cessation of Capecitabine. Demographics Capecitabine is an oral fluoropyrimidine chemotherapeutic agent used primarily in the treatment of colorectal and breast cancer. Capecitabine-induced leukoencephalopathy was first described by Niemann et al in 2004 [1] . There are to date 12 cases of this disease with associated MRI findings of leukoencephalopathy reported [1] [2] [3] [4] [5] [6] [7] [8] . The age of patients affected by this condition ranges from 40-82 years. This entity appears to be more common in females, with a female to male ratio of 5:1. Capecitabine was administered for colorectal (6 cases [4-8]), breast (5 cases [1-3]) and pancreatic (1 case [2]) malignancy respectively.
Etiology
Capecitabine is converted in a three-step cascade to its active product, 5-fluorouracil (5-FU), an antineoplastic agent that principally acts to inhibit thymidine synthesis and DNA replication. Although the exact mechanism of capecitabine neurotoxicity is not well understood, it is known that an intermediate metabolite of capecitabine, 5'-deoxy-5-fluorouridine (5'-DFUR), is able to cross the blood brain barrier to enter the CSF [9] , and that thymidine phosphorylase, the last enzyme in the three-step cascade of capecitabine conversion to 5-FU, is found preferentially in the white matter tracts as compared to grey matter [10] . A separate murine study [11] of 5-fluorouracil (5-FU), has also been shown to cause acute as well as delayed damage to the myelinated tracts of the central nervous system. These findings when taken together have been postulated by Lyros et al [6] to explain the propensity of white matter tract involvement in this disease entity.
Clinical and imaging findings:
There is a wide spectrum of symptoms reported in the clinical presentation of capecitabine-induced leukoencephalopathy, ranging from milder symptoms such as fatigue [2, 7] and nausea [2] to more severe symptoms such as dysphasia [2, 3, 5, 7] seizures [1,6] and drowsiness [4] . The onset of symptoms has been reported to occur as soon as 3-7 days after drug initiation [1-5], although other cases of symptom onset after 1-2 months have also been reported [6, 8] .
Radiological findings in this condition typically include signal changes in the cerebral white matter seen on MRI, specifically restricted diffusion and/or increased signal intensity on T2/FLAIR sequences. There appears to be a strong propensity for involvement of the corpus callosum in this condition [2,4,5], which is also seen in our case. The areas of white matter involvement previously described include the subcortical regions [4, 6] , the periventricular regions [2, 8] , as well as the posterior parietal and anterior thalamic regions [3] . However, this is the first case to document involvement of the course of the bilateral corticospinal tracts, warranting consideration of this condition among other entities that also involve the corticospinal tracts.
Treatment and Prognosis:
Capecitabine-induced leukoencephalopathy is treated by the cessation of capecitabine chemotherapy. Excellent recovery upon cessation of capecitabine with no or minimal residual deficit has been reported to occur within several days in all reported cases, with one case report [5] reporting symptom resolution within a day of chemotherapy cessation. Interval follow up imaging that documented near complete resolution of the earlier detected imaging abnormalities was performed in at least 4 cases [1,4,6], including our current case.
Differential Diagnoses:
This report provides the first reported case of capecitabine-induced leukoencephalopathy involving the course of the bilateral corticospinal tracts. It is worth reiterating that the provisional diagnosis in this case was premised upon the close temporal relationship between chemotherapy commencement and the patient's symptoms, despite corticospinal tract involvement in capecitabineinduced leukoencephalopathy not being described in the existing literature. Thus in the appropriate clinical context, this disease entity should also warrant consideration in the radiological differential diagnosis of leukoencephalopathy involving the bilateral corticospinal tracts, which would include amyotrophic lateral sclerosis (ALS), primary lateral sclerosis (PLS), hypoglycaemic coma, X-linked adrenoleukodystrophy (ALD), Wilson disease as well as Adult-onset leukoencephalopathy with axonal spheroids and pigmented glia (ALSP) ( Table 3) .
Amyotrophic lateral sclerosis is a progressive degenerative motor neuron disease that classically presents as a combination of upper and lower motor neuron signs and symptoms. Bilateral hyperintensities and reduced diffusion along the corticospinal tracts extending from the corona radiata to the brainstem are seen on T2WI/FLAIR and DWI MRI sequences respectively. ALS has an annual incidence of 1-3 cases per 100,000/year and a prevalence of 3-7 cases per 100,000 [12] [13] [14] . Although the etiology of this disease is as yet unknown, ALS is associated with increased age (mean age of onset -62 years [15] ) and a positive family history, with sporadic ALS accounting for 90 percent of cases and familial forms the remaining 10 percent [16] . The median survival of ALS from the time of diagnosis is 30-37 months [17] [18] . The treatment of ALS is primarily symptomatic, with Riluzole the only known agent with a modest effect on slowing disease progression [19] .
Primary lateral sclerosis is a progressive degenerative motor neuron disease that unlike ALS is associated with upper motor neuron signs and symptoms without lower motor neuron involvement. The imaging findings on MRI of PLS are similar to that of ALS, with bilateral hyperintensities and reduced diffusion along the corticospinal tracts seen on T2WI and DWI sequences respectively [20] . The etiology is this disease is yet unknown. The true incidence of PLS is not known, with a prevalence of 2 per million inferred from a study by Pringle at al [21] . The mean age of disease onset is 55 years [22] . PLS portends a better prognosis than ALS, with a median survival of 20 years [22] . The treatment of PLS is symptomatic. 
Neuroradiology:
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Reports www.RadiologyCases.com 3 Hypoglycaemic coma is a severe presentation of the neuroglycopenic symptoms of hypoglycemia. The parietal and occipital lobes, amygdala, and basal ganglia appear to be involved, with gyral swelling and sulcal effacement seen on T1W sequences and parieto-occipital infarcts that appear to spare the cerebral white matter seen on T2W sequences. Diffusion abnormalities involving the corticospinal tracts have also been reported [23, 24] . Insulin and oral hypoglycaemic therapy for the treatment of diabetes mellitus are the most common causes of hypoglycemia, with rarer causes including beta-cell tumors. Hypoglycemic coma is treated by the immediate administration of glucagon as well as IV glucose infusion. Although the prevalence of hypoglycaemic coma is not well characterized, the incidence of severe hypoglycemia, defined as symptoms incapacitating enough to require the necessary administration of carbohydrate or glucagon to the affected patient by another person [25] , is approximately 1.15 to 0.35 events per patient per year for type 1 and type 2 diabetes respectively [26] .
X-linked adrenoleukodystrophy is a disorder of peroxisome oxidation that results in the accumulation of very long chain fatty acids in tissues. ALD comprises of a spectrum of differing phenotypes. These include childhood cerebral forms that present as learning disabilities and behavior problems with progressive neurological deterioration; adrenomyeloneuropathy, which presents in adults as spinal cord dysfunction with associated cerebellar symptoms and adrenal insufficiency; as well as isolated adrenal insufficiency. Symmetrical, confluent demyelination changes in the white matter of the peritrigonal region have been described on MRI, with reduced signal on T1W, increased signal on T2W, reduced diffusion on DWI and contrast enhancement seen. Patterns of corticospinal tract involvement have also been described in the adult population, which is associated with and slower progression of disease [27] . The disease is X-linked in inheritance. Disease frequency in the United States is estimated at 1 in 42,000 in hemizygotes and 1 in 16,800 in hemizygotes plus heterozygotes respectively [28] . Treatment strategies for ALD would include corticosteroid replacement therapy for adrenal insufficiency, as well as the use of dietary therapy and hematopoietic stem cell transplantation in selected cases.
Wilson disease is caused by an autosomal recessive genetic abnormality of cellular copper transport. The impaired excretion of copper leads to its accumulation within organs such as the liver and brain, resulting in hepatic manifestations such as hepatitis and cirrhosis, neurologic manifestations such as dysarthria, gait abnormalities and dystonia, as well as psychiatric manifestations such as depression. KayserFleischer rings may be seen in the cornea. On MRI, bilateral symmetrical hyperintensities in the putamina, thalami, caudate nuclei, globus pallidi have been reported on T2W sequences, with basal ganglia hypodensity on T1W sequences. A study of patterns of white matter abnormalities in Wilson disease has described involvement of the bilateral corticospinal tracts [29] . Normal radiological findings may also be seen on MRI in presymptomatic patients. The prevalence of the disease is approximately 1 case per 30,000 in most populations [30] . The disease tends to present between 5-40 years of age, although cases in patients younger than 3 years and in adults older than 70 years have been reported [31] . Treatment in based on disease control by copper chelation, with liver transplantation a consideration in patients with acute liver failure.
Adult-onset leukoencephalopathy with axonal spheroids and pigmented glia is an autosomal dominant disease characterized by executive dysfunction, memory decline, personality changes, motor impairment and seizures. On MRI, white matter lesions which are hyperintense on T2W/FLAIR and hypointense on T1W are seen, with involvement of the corticospinal tracts being previously described [32] . The mean age of onset is usually in the fourth decade, but ranges from early adulthood to the 8th decade of life [32] . The course of the disease may range from 2 to more than 30 White matter lesions that are hyperintense on T2W/FLAIR and hypointense on T1W are seen. Bilateral corticospinal tract involvement has been described.
-Autosomal dominant -Range: early adulthood to 8th decade of life -Supportive management Capecitabine induced leukoencephalopathy; corticospinal tracts; capecitabine toxicity; drug-induced leukoencephalopathy; corpus callosum
